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Hunerous studdes whieh have been conducted prove that 
ultraeviolet radiation causes a definite weakening of 
fabrics, Bene of these studies has given special ettene 
tion to the effect of the beckgrowds used. Since ree 
flection factors of materiale vary considerably, tho use of 
aifferent backgrounds may result in variations in the 
changes which take place within tho fiber. The purpose 
of this experiment was te determine, if possible, the 
effect of ultra-vielet radiation on bleeched and unbleached 
sheoting when expesed against different backgrounds. 


The ultra-violet spectrum is sompesed of many 
invisible “eolers,” each having its own properties and 
characteristics, whieh are very different from ono another 
(Steekbarger, 1930). Any ray of light whose wave length 
4s, approximately speaking, less than 4000 or greater than 
8000 anfstroms 49 invisible. Consequently the field ef 
witra-violet radiation 4s invisible as the wave lengthe are 
from about 4000 down to 136 an#btroma (Metwen, 1952). 

When light falls upon a body it may be partly roe 


fleeted, partly tranemitted, or partly absorbed. This 

absorbed energy may appear ac heat or, in some eases, is 
reeomitted es light ef a different character from that of 
the inetdent beam. This secondary rediation te usually 

of e longer wave length than that of the oxeiting lighte 
Objects possessing the property of re-onmitting light of a 
different character are called flusrescent ("e@wen, 1932). 

Tho reflection eharacteristics ef invisible ultras 
vielet rays ere decidedly different from these ef visible 
light rayse Recent measurements heve shown that many 
materials ouch as white leed paint, for example, are 
efficient reflectera of visible light end have the property 
of ebsorbing a large pert ef tho invisible ultra-violet 
radiation striking them (Management Wetheds, 1952). Two 
white objects having the samo refleetivities for visible 
raye appear elike when vieved by ordinary light, but ono 
may reflect one kind of ultraevielet mueh sore readily 
than deos the ether (steckbargor, 1930). 

& mumber of invostigations have been conducted to 
determine the effect of ultraevielet radiation upen fabrics, 
Deréé (1917) states that ultraeviclet converte cellulose, 
with complete less of tensile ctrength, inte exyeollulose. 
The ultraevielet rays may act in two ways: there may be oa 


piysical ection of the rays themeelvese on the fabric, or 
the change may rooult from the formation of ozone. 
Moerman (1929) has reached the conclusion thet the rays 
themselves exert the destructive action. 

Raye of lese than 4900 angstrtins evex te cause the 
greatest weakening of eotten and linen fibers, Therefore 
ultraviolet ratiation has a auch greater effect on fibers 
than visible radiations (Barr, 1924). 

The general result of the work conducted by Cunliffe 
(1928) shows that bleached cotton is mere rapidly tenderod 
than raw when expesed te ultraevielet radiation. Tho 
4ifference between raw ond bleached material te obscured 
when long exposures involving great less ef strength are — 
considered, Tendering elows dow: for all materials efter 
about SO per cont of the strength is lest. When long 
exposures are made the percentage loses ef strength of 
equally exposed fine end coarse yarns may appoar te be the 
BMW. 

Agcording te Barr (1924) searse yarns are less 
affeeted by ultraeviolet radiation than fine yearns, for in 
the former, the outer layers pretect tho inner layers. 

Brugmann (1951) concludes that light fe the primary 
facter in the deterioration of cellulose when it 1s exposed 


to sunjight and aire Oxygen acting in the presence of 
light greatly inereases the rapidity of deterioration. 

Vitreeviolet tranemiesion through a fabric is greatly 
decreased when it te dyed or alightly yellowed with ago. 
Bleached cotton material hae great transparensy te ultrae 
violet radiation (Mirst, 1026). 


A etandard Luxor Medel Alpine Sun Lemp, vith a quarts 
moreury are was chosen as the source of lighte A 
Lovinson's “Micrometer was used te determine the nuubor of 
threads per inehs 

The thickness of the materiale was measured with a 
Rendall Stfelmey thiekness gauge. The average of ton 
measurements was considered to be the thickness of 
naterialee 

The breaking strength detorminations were mado with 
@ combination Seett Tester, the jawe ef which wore sot 
three inches aparte automatic strotehestrain eharte made 
as the fabrics vere broken, were used te measure the 
stroteh. The Seett Tester was installed in a reon 
equipped with a Carrier Unit Air Gond{tioner.e A rolative 
humidity of 64 to 66 per cont at a temperature of 69° te 


72°r, was maintained. 
THE SELECTION AND TREATMENT OF SPECTEENS 


yerns of approximately the same eearseness wore chosen for 
this experiment. Phyeleel analyses such as thread count, 
thickness, breaking strength end pereentage desigzing wre 
made according te methods recomended by Committee D<13 
(2950). The etreteh was obtained from the automatically 
made streseestrain eurves secured as the fabric was brokon. 

The febrice were desised then cut warpwise inte etrips 
for testing the tensile strength and streteh of materials. 
Beech specimen was cut six inches long by one and once 
fourth inches wide and reveled te a width of one inch. In 
order that all epecimons would be fairly representative of 
the febric they were not cut nearer to the selvage than 
oneetenth the width of the material (Bureau of Standards, 
1929). : 

The prepared epeeimons wore divided inte sets cone 
sisting of several groups of five stripes cach. Except 
during the time ef exposure the specimens wore kept 
between folds of filter paper in « darkened reom having a 


relative tunidity ef 64 te 66 por cont at a temperature of 
60° te 72°, 

The backgrounds chosen wore slate, the fleor and dull 
and hichiy lustroue materiale of white, cray and black. 
Then materials other than the floer were used the spoeimens 
were placed dtresctly abeve the baekground, otherwise they 
were susponfed 31 inehee from the fleore “pecimons wore 
exposed against the following backgrounds. 

Set Ie Controls «- specimens unexposed 


The dull and lustrous surfaces wore of unglased 
and highly glased papers 


Since witrasvielet radiation has a mush greater effect 
on fibers than invisible rediction, each set of speciuens 
was exposed to ultraeviolet redistion for definite periods. 
The firet perie’ was for 4 hours, the secon’ fer 6 heures 


7 


end each suececding one S hours longer than the precedings 
Tims the actual perfieds were 4, 8, 16, 24, S2 end 40 hours, 
with a 16-hour interval betwoon cach Sehour exposure. Tho 
léshour exposure, therefore, required two days, the 40-hour, 
five deyse During all exposures the lamp was 25 inches 
above tho specimense 

At the cempletion of each exposure the specimens wore 
' potummed te the conditioning room for poriede of 16 te 20 

The pH was determined immediately after the final 
exposures A plese of fabric, one and oneehalf by throo 
inehes, was suspended in twenty-five cubic continsters of 
a@istilled water for one hour. Tho pl of the supernatant 
liguid was aseumed to be that of the fabric. 


DISCUSSION OF RESULTS 


The extent to which fabrice are weakened by light 
depends upon a mumber of factors. The pl of the materials 
is believed te be one of impertanes. The pl of the specie 
the unbleached being 5012, the bleached 6.23, Tho pi of 
the fabries exposed against lustrous backgrounds was less 
then with dull backgrounds. pil values ere recorded in 
Tables 11 and 12, 


The weakening of the fibers was measured by the 
percentsge loss in breaking strongth, the tensile strength 
of unexposed epecimens being used as the basic for 
eomperison, Theee data ere recorded in Tables 5 to 6. 
Undleacied specimens lest in tensile strength and stroteh 
more rapidly than a2d the bleached when expesed ovor tho 
4&fferent backgrounds, as ie shewn fin Figures 1 to 16. 
The 4s concrury to the veoulte of investigations made by 
Cuntiffe (1928). io 

Speeimens expesed for a lenger perfied of time shoved 
greater less in tensile strength with dull beekgrounds. 
when expesed againet white backgrounds, specimens were 
tendered more rapidly than when oxposed against other 
beoigrounds, Blesehed and unbleached febrics show the 
least variation in lesa and gain in tensile strength when 
exposed to ultra-violet radiation without a definite 
background. Also, the tensile strength of bleached and 
wmmbileached specimens showed efimiler variations when 
expesed with no definite backgrounds exposures against 
definite backgrounds showed wide variations. This is 
gvephically illustrated in Pigures 1 te @. The small 
veriations, with no baskgreunds, may be due te groster 
circulation of air an? to the elimination ef the rofieetion 


feetor which sust be coneidered when specimens are boing 
exposed slese to the background. 

Slate, which 4s the most generally accepted background, 
causes e merked variation in the stretch and etrength of 
bleeched and unbleached specimens. Tho unbleached showed 
@ definite gein in etrength during the 4, @ and 16 hour 
periods of exposure (Fige 7). 

The significance of the difference between the mean 
ef sentrols and of specimens exposed for 52 and 40 hours 
against aifferent backgrounds was tested by using the 


formia : 
tats ea: 
Bb nae 2 a(x ~ 2)? oa(xt, 


2 end # roprosent the moan breaking strength of the groups 
being compared, x and x’ the breaking strongth of cash 
specimen in the cronp, m the number of speeimense P, the 
probebility of falling outside the range of ot, was 
obtained from the table of t for each value of mn» Tho 
valucs of P are recorded in the follewing table. These 
exeooding «02 were not considered significant, (“isher, 
1925). 


078 oto 

e775 2000 

2028 049 

$290 <012 

2052 «010 .842 

3640 2648 $010 
slate 208 2308 «10@ o1% 
flo Beckeround 4445 2366 .020 202 


At 4Qehour perfeds the epeeinens showed a sore unifern 
change in streteh then at any other peried of exposures 
Unbleached specimens exposed over dull and lustrous white 
background, and all specimens exposed ageinet dull erey 
background showed a definite gain in streteh during the 
40ehour exposure (Tables 7 to 10 and Pigse 9 te 16). The 
etretech of the bleached specimens exposed againet lustrous 
Dlaek backgrounds was the same as that ef the eontrols; all 
other spocimens showed a definite less in streteh during the 
40ehour peried of exposure. 
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le Specimens expesed against white backgrounds vere 
tendered more rapidly than those exposed against other 
backgroumiss 

2. Long periede of expeoure against dull backgrounds 
eeused the greatest lose in toneile strengthe 

3. Specimens exposed to ultra-violet radiation with- 
out a definite background showed the least variation in 
less and gain in tensile strengths 

4q “hen exposed without a definite beekgreund the 
ehanges in tensile strength of bleached end unbleached 
materials were more nearly parallel. 

S- So agreement was apparent betwoon the pi, tensile 
strength and stroteh of the oxpesed specimens. 


The weiter wishes to oxpress her appreciation te 
Professor Eether Brauner for diresting this study. 
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